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* AIRS on Aqua Healthy. Expect mission to continue beyond 2022.
* Continuity from operational weather sounders: CrlS, IASI
* AIRS designed and tested to produce Sl traceable radiances

e Radiometric Calibration Coefficients Updated
* Current operational version using pre-launch coefficients (V5)
* Updates provided to polarization, emissivity, nonlinearity (V7k)
* V7k Improvements seen in:

e Reduced Bias and L/R Assymetry in Cold Scenes
* Agrees better with CrlIS
* Reduction in Radiometric Accuracy



The Aqua Spacecraft
Launched May 4, 2002
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Ngwi & IR Sounders Support Weather Forecasting and Climate Science

AIRS Channels for Tropical Atlmosphere with T_surf = 301K
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http://www.ecmwf.int/

AIRS Remains Healthy

Minimal Trends in Instrument Telemetry Detector Operability Maintained Throughout Mission

AIRS Focal Plane Temp for 20020901-20180920
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Aqua Expected to Last beyond 2022

» Aqua Flight Operations Team is continuing to test alternate orbit-lowering maneuver(s)

« Post-2022 orbit will also have thermal impact on AIRS — specifically, 2" stage heater will
need to draw more power to maintain spectrometer temperature

» AIRS is expected to last the life of the spacecraft
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= 2019 IAMs : ; .
B = L o S A 6-b B S At -
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AIRS Success Followed by

Numerous Operational Sounders Worldwide

|
2000 2010 1 2020 2030 2040
AIRS :
NASA A Aave !
|
CrIS : CrIS CrIS CrlS CrlIS
SNPP J1 12 J3 J4
NOAA A A A A2 A
!
[ASI |ASI : [ASI IASI-NG IASI-NG IASI-NG
Metop-A Metop-B Metop:C Metop- Metop- Metop-
EU M ETSAT A A IA A SG1A A SG2A A SG3A
! IRS IRS IRS
| A\ MTG-s1 A MTGs2 A\ MTG-S3
|
HIRAS | HIRAS
A FY-3C :A A A FY-3E, F, G A LEO
/\ GEO
/\: A\ FY-4A, B, C




AIRS Features
e Orbit: 705 km, 1:30pm, Sun Synch

 Pupil Imaging IFOV : 1.1° x0.6°
(13.5 km x 7.4 km)

e Scanner Rotates about Optical Axis
(Constant AOI on Mirror)

* Full Aperture OBC Blackbody, €>0.998
* Full Aperture Space View
* Solid State Grating Spectrometer

* Temperature Controlled
Spectrometer: 158K

* Actively Cooled FPAs: 60K
* No. Channels: 2378 IR, 4 Vis/NIR

* Mass: 177Kg,
Power: 256 Watts,
Life: 5 years (7 years goal)

Full Aperture % oy
Blackbody and
Space View

SPECTRAL SOURCE
{ )

SCAN MIRROR

BAFFLE

I il
Isolated  seodl- o Y "

t —
|
i
[

Scan Cavity * .
Ny

Y "l \\;1:.//
SCAN SWATH /
H =43.5°

PHOTQMETRIC
SOURCE
>\ (TUNGSTEN
LAMP)

Temperature Controlled
Instrument

Grating Spectrometer

IR Spectral Range:
3.74-4.61 pm, 6.2-8.22 pm,
8.8-15.4 um
IR Spectral Resolution:
= 1200 (A/AN)

No. IR Channels: 2378 IR



”&%:ﬁxtenswe Pre-flight Calibration on AIRS Ties to NIST Standards

* Radiometric Response
* Emissivity, Nonlinearity

« Stray Light, Polarization A vacuun e
e Scan Angle Dependence in TVAC o, ] wrenrace
 Transfer to On-Board Blackbody - sy
* 2 TVAC Cycles L .
* Spectral Response % | : [
+ SRF Characterization with FTS S | A e 1) L V7
* Channel Spectra Characterized |E3, = | C:'"""'ﬂ"' '
* Spatial Response ' mFyDAs'
* Top-hat Functions All Channels r,f “@mbg

e Stray Light Excellent
* Far Field Response Excellent

* Good Documentation
e Over 400 Design File Memos




AIRS Radiometric Transfer Equations

Scene Radiance

Co + Ci(dnev - dnsv) + by (dnev — dnsv)z

Ley = Lo(8) + [1+ p,p.cos2(0 — )]

Mirror Polarization Contribution

Smprpt[COSZ(Q —6) — 6052(951,,1- — 5)]
[1 + prprcos2(6 — 5)]

L
Lo(g) =

Gain Term

!

C1=

[gobcpobc - Lo (Qobc)][l + prptCOSZS] — (2 (dnobc - dnsv)z — Co

(dnobc - dnsv)

L., = Spectral Radiance in the Earth Viewport (W/m2-sr-um)

L, = Spectral Radiance of the Scan Mirror for Unity Emissivity at T,
(W/m2-sr-um)

Co = Instrument offset (W/m?2-sr- pum)

¢, = Instrument gain (W/m?2-sr- um-counts)

¢, = Instrument nonlinearity (W/m?2-sr- um-counts?)

dn,, = Digital counts while viewing Earth for each footprint and scan
(counts)

dn,, = Digital counts while viewing Space for each scan (counts)

p,p; =Product of scan mirror and spectrometer polarization diattenuation
(unitless)

6 = Scan Angle measured from nadir (radians)

0 = Phase of spectrometer polarization (radians)

P.»c = Plank Blackbody function of the OBC blackbody at temperature T,
(W/m?2-sr-um)

Tope = Telemetered temperature of the OBC blackbody (K) with correction of
+0.3K.

gone = Effective Emissivity of the blackbody

dn,,,. = Digital number signal from the AIRS while viewing the OBC
Blackbody

+ T.Pagano et al., “Reducing uncertainty in the AIRS radiometric calibration”, Proc. SPIE 10764-23, San Diego, CA (2018)/m

« T.Pagano et al., “Pre-Launch and In-flight Radiometric Calibration of the Atmospheric Infrared Sounder (AIRS),” IEEE TGRS,

Volume 41, No. 2, February 2003, p. 265

« T. Pagano, H. Aumann, K. Overoye, “Level 1B Products from the Atmospheric Infrared Sounder (AIRS) on the EOS Aqua

Spacecraft”, Proc. ITOVS, October 2003
10
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V5 Coefficients
Determined Pre-
Launch and Not
Changed Since

Polarization Product
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1

O Radiometric Intercept at 0 deg
*  Radiometric at 40deg

£ Measured Polarization
Component Model
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1
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Wavelength (microns)

12

High Uncertainty
Especially in LWIR

V5 is average of
“Measured” and
“Modeled”
polarization, with
Phase =0
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“%Jﬁi & New Method Uses Multiple Space Views to Derive Polarization

% . . .. .
SV Angle (Deg) If RADIOMETRIC SOURCE Every space view in the mission used to give 171 monthly averages
Svl: 91.6943 / | (BLACKBODY CAVITY)
sv2: 101.0621 ]
SVv3: 75.0212 g
- 11 e
SV4: 82.9796 ’ S(PPE\C::LT_IEI;‘:?:?LRMC;E 50- 6822cm—1 688M 728 cm-1 728 782 em—1 789 852 em—1 851|\i1 9(948cm 1 a1 1M 9%7cm 1
1S . = ity m\
i’
s
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| T I
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j/ RECTION o _ _ 000-015 180-195
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prpt
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AIROSOF;olarization Product(prpt) for Module Center Channels
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Polarization and Phase in V7k are Time Dependent Using Linear Fit Offset and Slope
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Tdiff (K)

L/R Asymmetries V7k Compared to V5 DCCs

V7k-V5 Right-Left Differences vs Time @ 200K
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V7k Uses Separate A & B Nonlinearity

V5 vs v7k Nonlinearity Coefficient (a2)
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V5 Radiometric Uncertainty (1-sigma)

Radiometric Uncertainty Inputs at 9.14 pm tadiometric Uncertainty vs Scene Temperature for AIRS by Module
and Impact to Calibration at 260K 02 ' ' ' ‘ '
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VV7k Reduces Radiometric Uncertainty (10)

V5 V7k
5 5Temperature Uncertainty for AIRS for 250 K Scene . 5Temperature Uncertainty for AIRS for 250 K Scene
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L1C Designed to Make Life Easier

Version 6.0
* Designed to facilitate use of AIRS Level 1 radiances
* For Comparison to other Hyperspectral IR 260 SpecR for kooprintie, Sopnc &l .
* For Comparison to Broadband Imagers i EgUncorr-
* For Ingest by L2 Retrievals 250 | PC Recon.
* Version 5 L1B for all “good” channels *
* Fills Dead Channels with PC Reconstruction (PCR) 2a0 | B
* Fills bad Cij (Co-registration) Pixels with PCR o
* Fills Gap with PCR %230 | OF ¢ 7:
m

* Fills Very High Noise Pixels with PCR

V6.0 L1C is available only on a limited basis

Version 6.6

 Same as Version 6.0 but with...

* Constant Frequency Grid (does not change with time)
e V6.6 L1C will be used to support LLS’s CHIRP product - | | | | | | | |
Version 7.0 1200 1250 1300 1350 1400 1450 1500 1550 1600
 Same as Version 6.6 but with Wavenumber (cm™")
e Updated filling algorithms.

* Version 7k Radiometric and Polarization Coefficients

* netCDF Output

220 |

210

AIRS.2014.03.01.124.L1C.AIRS_Rad.v6.1.0.2.X14295151145.hdf
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CubeSat IR Atmospheric Sounder (CIRAS) at JPL

Spacecraft
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Camera Electronics
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(IR Cameras) NS

rrrrrrrr

lement

Blackbody

Stepper Motor +
. Assembly

Payload
Mirror

Electronics

Immersion Grating
(JPL)

Cryocoolers +
Electronics
(Ricor K508N )

Hardware Available Designs Available =



Summary and Conclusions

* AIRS on Aqua Healthy. Expect mission to continue beyond 2022.
* Continuity from operational weather sounders: CrlS and IASI

* AIRS designed and tested to produce S| traceable radiances

e Radiometric Calibration Coefficients Updated

* Current operational version using pre-launch coefficients (V5)
* Updates provided to polarization, emissivity, nonlinearity (V7k)

* V7k Improvements seen in:

e Reduced Bias and L/R Assymetry in Cold Scenes
* Agrees better with CrlIS
* Reduction in Radiometric Accuracy

* AIRS Level 1C Fills Bad Channels and Gaps in Spectra. Easier than L1B
* New Technologies enable IR sounding in CubeSat with full aperture cal



